INTRODUCTION
To succeed in scramble competition for food an individual fish will have to have characteristics that allow it to respond rapidly to prey. Properties could include quick reactions, fast swimming and good vision. A trait such as metabolic rate, which has a positive effect on oxygen consumption and growth rate (e.g. Jobling 1994) , is likely to be positively correlated with the traits determining speed of reaction. In salmonids, fish with higher metabolic rate have higher competitive performance and a faster growth than similar sized fish Nakano 1995; Cutts & al. 1998; Yamamoto & al. 1998 ). These inherent properties will be moderated by the state of the animal. Those recently fed will have lost motivation and fish with maturing gonads might be expected to require more food than those not maturing. These shortterm variables will operate within the framework determined by the inherent properties of the fish.
An important factor underlying metabolic rate can be the transport efficiency of oxygen from the gills to the respiring tissue and this is mediated by the structure of the haemoglobin molecule (Weber 1990 ). In cod (Gadus morhua L.), two structures of this molecule exist due to polymorphism at the HbI* locus. An individual cod may be homozygous (HbI*1/1 or HbI*2/2), or it can be heterozygous (HbI*1/2) (Sick 1962) . In cod, growth rate is reported to be related to these haemoglobin genotypes (Mork & al. 1984; Naevdal & al. 1992 ) with the HbI*2/2 genotype having a faster growth rate and an earlier age of first spawning in the mid to northerly regions off Norway. The different forms of the haemoglobin molecule
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To succeed in scramble competition for food an individual fish will have to have characteristics that allow it to respond rapidly to encountered prey. A trait such as metabolic rate, which has a positive effect on oxygen consumption and growth rate, is likely to be positively correlated with the traits that determine the speed of reaction. An important factor underlying metabolic rate may be the transport efficiency of oxygen from the gills to the respiring tissue and this is mediated by the structure of the haemoglobin molecule. In cod, two structures of this molecule exist due to polymorphism at the HbI* locus. An individual cod may be homozygous (HbI*1/1 or HbI*2/2) or heterozygous (HbI*1/2). Evidence exists in the literature that HbI*2/2 fish have higher growth rate and earlier maturation and higher transport efficiency of oxygen at low temperature. However, no study has examined whether this could be associated with fish behaviour. In a study reported here we designed an experiment to test the hypothesis that fish with the HbI*2/2 genotype have a higher motivation to feed and are better competitors than individuals with the other haemoglobin genotypes and that they will eat a larger share of the prey. We use prey capture success early in a feeding trial and the rank of the first prey taken, as proxyvariables for competitive performance. Randomly chosen one-year-old cod Gadus morhua L. in small groups were tested experimentally for individual responses to prey offered sequentially. We analysed the effect on competitive performance of haemoglobin genotype, group, fish size, sex, maturation status and unobserved effects using Components of Variance Analysis, which accounts for repeated observations from the same individuals. The most successful fish were usually among the first to feed and tended to possess haemoglobin genotype HbI*2/2. Other factors such as body size, sex, stage of maturation and group also had effects which may modify the effect set by genotype. Our results suggest that the link between HbI* genotype and growth is through feeding behaviour and it supports the idea that fish with HbI*2/2 genotype are better able to support an active metabolism. The results obtained are among the first on fish that show that variation in feeding behaviour could be under genetic control. differ in their efficiency as an O 2 -carrier at low temperatures (Karpov & Novikov 1980; Brix & al. 1998 ) with the HbI*2/2 genotype being a better oxygen carrier than the other two at temperatures below 15 °C. This difference is a likely reason for the better growth at lower temperatures of the HbI*2/2 genotype. Taking into account these published results we hypothesised that individuals with the HbI*2/2 genotype will have a higher motivation to feed than the other two genotypes and we predict that they will be better competitors than individuals with the other genotypes and will eat a larger share of the prey. We describe in this paper two experiments that were designed to test this hypothesis.
Because genotype alone may not be the only characteristic determining the competitive performance of individuals our experiments also took account of other candidate determinants of competitive performance such as sex, body size and state of maturity. Our data analysis has included also an account of the effects of unobserved individual variation on competitive performance through the use of appropriate statistical methods.
Through their lives, cod food ranges from planktonic copepods to fish. As we could not examine all food types we chose food characteristic for juveniles. These settle in the near-shore benthic habitat at 0-20 m depth when 4-5 months old, 4-5 cm long and < 5 g (Salvanes & al. 1994 ). Here they switch from zooplankton to feed on gobies (mainly Gobiusculus flavescens) and benthic crustaceans (Salvanes & Nordeide 1993) . Gobies are major prey for cod in July-December and were therefore used as prey in the experiments.
MATERIAL AND METHODS
One-year-old fish taken at random from about 200 were divided randomly into six groups which were held separately in 500-litre tanks of seawater in a temperature and light controlled room. Groups consisted of 3 or 4 individuals. The water renewal was approximately 5 l min -1 and the water was circulating in the tank. The cod were hatchery reared and originated from second or third generation cod taken originally from the western Norway population. They were reared from a mixture of eggs naturally spawned by several groups of brood fish (60-100 individuals) in 1995 and 1996. Each year newly hatched larvae were released into a predator-free marine pond where they fed on natural zooplankton. In late June they were transferred to 500-litre tanks at the University of Bergen and housed under natural temperature and light conditions. They were transferred to continuous feeding using "Supra Marin" (Felleskjøpet Fiskefôr, Norway) formulated feed with pellet sizes increasing as fish grew in size.
For six weeks before the experiment started the fish were adapted to a daily light cycle, including dawn and dusk light levels, for 60°25'N, 5°20'E (Bergen) on 15 January and to constant temperature conditions (6.3 ± 0.05 °C). Experiment 1 was conducted in 1996 and Experiment 2 in 1997. Individual fish were assigned to weight categories as follows; 1: < 150g; 2: 151-180 g; 3: 181-250 g; 4: 251-330 g; 5: > 330g. Individual dead gobies offered during each trial were recorded and numbered 1 to n as they were fed to the cod, n being the total number of gobies. The sequential deliveries of prey were randomised events. A new prey was always introduced after the previous one had been captured and swallowed by one of the fish. Prey which sank to the bottom were usually those offered late in a trial. To randomise within a tank, individual dead gobies were thrown by hand and one by one into random positions over the water surface so that neither the experimenter nor the fish had control over the landing positions of prey. To further reduce the possibility of carryover effects between tanks (groups), the order in which tanks were treated on each day was varied. Also, each individual in a group had the same opportunity to take every prey introduced to a tank, as we did not observe any aggression or any sign of territorial defence during the experiments. Nor was there any evident sign of cooperation between individuals.
The fish in a tank were marked with either a red, blue, yellow or white spaghetti tag to allow the identification of the individual which took each prey, the information being recorded on a Dictaphone. We also recorded the elapsed time between the first and the last prey in a trial, making it possible to calculate average time spent per consumed prey.
EXPERIMENT 1: UNEVEN DISTRIBUTION OF GENOTYPES AMONG

GROUPS
The fish in the first experiment belonged to three weight categories (3, 4, and 5) and there were four fish in each group. On the last day of the experiment, blood samples were taken from the 11 fish still alive so that haemoglobin (HbI*) genotype could be determined by gel electrophoresis (McFarland 1977; Jørstad & Naevdal 1989) . Because the genotypes were determined after the feeding experiment had terminated, they were not evenly distributed among the groups. In one group there were three HbI*1/2 individuals and one HbI* 2/2 genotype. In the second group there were two HbI* 2/2 individuals and one each of the HbI*1/1 and HbI*1/2 genotypes. In the third group one individual had HbI*1/2 genotype, two were HbI*1/1 and the fourth had unknown haemoglobin genotype. This latter fish had jumped out of the tank three days before the experiment was terminated, and blood samples could not be taken.
We used a 6-week acclimation period during which the fish were given the opportunity to learn the experimental procedure. Both in the acclimatisation and during the experimental period the fish were fed every other morning until they would accept no more prey (mean size 0.43 g), or they had taken the maximum offered to each tank (40g). After 3, 7, or 24 h, fish were again fed and offered a maximum of 20 g. Gobies were always offered sequentially. Hence, there are repeated observations for each individual for the period 24 October -12 November 1996.
EXPERIMENT 2: EVEN DISTRIBUTION OF GENOTYPES AMONG
The fish in this experiment belonged to weight categories 1, 2, and 3 and the haemoglobin (HbI*) genotype was determined by gel electrophoresis before the fish were grouped. In each of three groups there was one individual of each of the three HbI* genotypes. Both in the six-week acclimatisation period prior to the experiment and during the experiment the fish were fed gobies every other morning until they would accept no more prey (mean size 0.52 g). There was no fixed maximum number of prey given. In the middle of the day and after 7 h, fish were again fed until they accepted no more prey. There are repeated observations for each individual from the period 8-24 September 1997. During the 6-week acclimation period the fish were given the opportunity to learn the same experimental procedure as in Experiment 1.
DATA ANALYSIS
The aim of our experiment was to test the hypothesis that cod with the Hb*2/2 genotype would be the most effective competitors. We used repeated observations of the same fish to benefit from the valuable information that can be gained from a panel-data 1 set (i.e. longitudinal data). To assess feeding performance of individuals we used 3 indices: capture success, first prey, and standardised prey number taken.
ANALYSING VARIATION IN PREY CAPTURE SUCCESS EARLY IN FEEDING TRIALS
One index of competitive performance was the number of prey captured by each fish during encounter with the first 20 prey (referred to as capture success). This index was assumed to be distributed normally. Data sequences that were longer than 20 captures by all of the cod in a group were truncated and only the first 20 captures used in the statistical analysis. This was done to standardise the trials and to avoid bias which could have been caused by cod running out of prey before they were full. This was possible for some of the trials in Experiment 1. The summed weight of the first 20 prey delivered was always less than the maximum weight of prey offered to the group. A second index for competitive performance was the position in the sequence of prey offered where a cod took its first prey (denoted henceforth as first prey).
We analysed the effect on capture success of haemoglobin genotype, group, fish size, first prey category (see below), sex and maturation status (all fixed effects) using Components of Variance Analysis (CVA) (Winer & al. 1991; Diggle & al. 1994; Greene 1997) implemented by the software STATA6 (1999). When used as fixed effect first prey was categorised into values 1 (sequence positions 1-5), 2 (positions 6-10), and 3 (positions >10) and denoted first prey category. We used three categories for haemoglobin genotype, fish size and group and had two categories for sex and maturation status. The CVA accounts for repeated observations from the same individuals. Hence, the CVA is one statistical way out of the so-called "pseudo-replication problem" noted by Hurlbert (1984) , Krebs (1989) , and Barnard & al. (1999) . The way the CVA deals with this is to incorporate other uncontrolled effects into a random variable (denoted here by Fish) which reflects any unobserved contributions to capture success variability deriving from each individual and which is stochastically determined because the individual fish being selected at random for the experiment. The Fish variable is specified with its own error which 1 Panel-data means that one has repeated observations from the same individuals. Hence, there is dependency between repeated observations from an individual. This type of data are often denoted as "pseudo-replicates" by many scientists (Hurlbert 1984; Krebs 1989; Barnard & al. 1999 ) because repeated observations violates the assumption of independence among data points which underlies statistical analyses such as ANOVA, OLS-regression and the most common statistical approaches used in marine biology. It will therefore be incorrect to use these statistical methods on panel-data. As a clarification we emphasize two quotations: The first is by Krebs (1989; p 274, but Winer & al. 1991; Diggle & al. 1994; Greene 1997) . Alternatively, one could calculate the average for each individual and then apply e.g. classical statistical ANOVA (e.g. Barnard & al. 1999; p 68-69) . However, averaging will omit the interesting information of individuals collected.
is assumed normally distributed. By definition the effect from the random variable is independent of the effect from the fixed effect variables (Winer & al. 1991; Diggle & al. 1994 ). All effects are tested against the variation in Fish. Fixed effects that are significant in a CVA have been adjusted for the fact that data consist of repeated observations. If the Fish-variation is significant and its large, then its evident that there are some systematic differences between the individuals that have not been captured by the specified fixed effects. If the Fish-variation is not significant, this shows that the fixed effects such as haemoglobin genotype, groups, fish size, sex, maturity state, have captured and explained most of the variance in capture success and have not left out any important factor.
We believe the assumptions underlying our statistical analysis have been met because: 1) The Fish-variable is specified as a stochastic or random variable, and not a fixed effect variable so as to capture potentially unspecified explained variance that is not accounted for by the fixed effects which could be correlated with the Fishvariable. Hence, all relevant variables that could affect the prey capture success have been considered. 2) The procedures used were the same during both experiments, including the acclimatisation periods. 3) Fish were not given food every day so as to reduce the possible statedependent influence of hunger on capture success. This means that between observational days no state-dependent feeding motivation was expected. There might be a possibility of state-dependence within the feeding day with a lower feeding motivation on the second daily trial for those that took more prey in the first trial, and vice versa. This could reduce individual differences within day, but would generate a large variation within individuals which could generate significant unobserved effects from the CVA estimation. If so, this would suggest that not all relevant factors had been considered.
ANALYSING THE DISTRIBUTION OF FIRST PREY TAKEN
We applied the Components of Variance Analysis (CVA) to the first prey index to test our hypothesis further. We examined the influence of haemoglobin genotype on first prey and also looked at the influence of group, fish size, sex, and maturation status. We also controlled for unobserved effects through the variable Fish as defined earlier. The third index used was a rank. We calculated the average location in the sequence of prey eaten when n prey were offered and m eaten (m ≤ n) for each trial and for each fish using un-truncated data. We then standardised for the unequal numbers of prey introduced to each group of fish in each trial by assigning a rank to individual fish for each trial based on these average values. Rank 1 was assigned to the fish that had the smallest average, rank 2 to the second smallest, rank 3 to the third smallest and rank 4 to the individual that had the fourth smallest (or the largest) average value. There were only three possible ranks in Experiment 2. A small rank value therefore means that an individual took prey early in the sequence. We then calculate the average for an individual of each haemoglobin genotype. We refer to this rank as the standardised prey number taken.
RESULTS
EXPERIMENT 1
When controlling for the unobserved individual differences and taking account of repeated observations of individual fish using the Components of Variance Analysis we found that haemoglobin genotype, group composition, fish size, sex, maturity stage, and first prey category had an effect on the capture success (A and B; Table 1 ). The HbI* effect was significant at 10 % level (P = 0.06) whereas the other effects were significant at 5 % level. The HbI*1/1 genotype had lower success than the HbI*1/2 and HbI*2/2 genotypes, large fish had a higher success than did small fish, females had higher success than males and maturing individuals had higher success than those that did not show any sign of maturation at the end of the experiment (Fig. 1) . Other unobserved individual differences (included in Fish) were highly insignificant (P = 0.6 for A and P = 0.9 for B; Table 1 ). Sex and maturation status did, however, not have an effect on the position in the sequence of the first prey (P = 0.9 for sex and P = 0.7 for maturation status; B Table 1 ). Exclusion of these insignificant effects from the analysis shows that the fish size had a significant effect on first prey (P = 0.035; Table 1 , A) and there were indications that genotype (P = 0.09) and group composition (P = 0.055) also had effects although they were not significant at the 5 % level. The HbI*1/1 genotype tended to take prey later in the sequence than the HbI*2/2 and HbI*1/2 genotypes and large fish took prey earlier than small fish (Fig. 1) .
The standardised prey number taken was 2.75 ± 0.11 for HbI*1/1, 2.32 ± 0.14 for HbI*1/2, and 2.31 ± 0.13 for HbI*2/2. This suggest that the HbI*2/2 and HbI*1/2 took prey earlier in the sequence than the HbI*1/1 genotype. The cod used a similar time per consumed prey throughout the entire experimental period, and there was no difference between the groups. The average time (time ± SE) used per consumed prey was 6.4 ±0.50 s, 5.9 ± 0.40 s, and 7.10 ± 0.58 s for the three groups.
EXPERIMENT 2
When controlling for the unobserved individual differences and taking account of repeated observations of individual fish using the Components of Variance Analysis we found that haemoglobin genotype, group composition, fish size and first prey category all had an effect on the prey capture success (A; Table 1), whereas sex and maturity stage were not significant (B; Table 1 ). The HbI*2/2 genotype had higher capture success than the HbI*1/2 which in turn had higher success than the HbI*1/1 genotype (Fig. 1) . Small fish had slightly higher capture success than large fish, although differences were small (Fig. 1) . Other unobserved individual differences (Fish) were highly insignificant (P = 0.9; Table 1 ). In the test of effects on first prey, the genotype, group composition and fish size had no significant effects when excluding sex and maturity stage as factors (first prey A; P > 0.5), whereas the highly significant unobserved effects (first prey A; P = 0.0002; Table 1) suggest that there were some other causes not accounted for. This other cause turned out to be sex (first prey B, P = 0.04; Table 1) as the unobserved effects then became insignificant (P = 0.8) when sex was included as a factor in CVA. This inclusion also reduced the P-values for the haemoglobin genotype, group and fish size to be in the range 0.06-0.08 (Table 1) and the result support the trend along the x-axis of panel "genotype" of Fig. 1 . The HbI*2/2 genotype took their first prey earlier in the sequence than did the HbI*1/1 and HbI*1/2 genotypes, and males took their first prey much earlier than females (Fig. 1) . We could not test the effect of maturity stage as there were insufficient degrees of freedom, but Fig. 1 suggest that individuals that had begun to mature by the end of the experiment took prey earlier than those that were immature. Nevertheless, the results indicate that maturation had an indirect effect since 5 out of 6 males had begun to mature whereas none of the 3 females had. The observed sex effect (Table 1 ) may thus be interpreted as an effect of maturation.
The standardised prey number taken was 2.06 ± 0.12 for HbI*1/1, 2.52 ± 0.09 for HbI*1/2, and 1.57 ± .012 for HbI*2/2. This suggests that an average individual with the haemoglobin genotype HbI*2/2 feeds earlier than the other two genotypes. This supports the trend in Fig. 1 .
The average time (time ± SE) used per consumed prey was around four times longer in Experiment 2 than in Experiment 1, and was 24.5 ± 2.1 s, 22.1 ± 2.1 s, and 29.3 ± 24.9 s, respectively in groups 1, 2, and 3. Except for 4 trials in one of the groups, the average time spent per prey was similar through the entire period of Experiment 2.
DISCUSSION
Our hypothesis was that individuals with the HbI*2/2 genotype will have a higher motivation to feed, will be better competitors and will eat a larger share of the prey than individuals with HbI*1/2 and HbI*1/1 genotypes. The results we have obtained are in agreement with these expectations (Table 1, Fig. 1 ). In both experiments the HbI*2/2 genotype had the highest capture success. In Experiment 1 the high capture success was shared with heterozygous individuals, whereas in Experiment 2 the HbI*2/2 genotype had higher capture success than both HbI*1/2 and HbI*1/1 genotypes. The haemoglobin effect on first prey taken showed the same trend among the genotypes but was, however, less clear as it was not significant at 5 % level but at 10 % as 0.05 < P < 0.08.
The results also show that other factors are important. These are body size, sex, stage of maturation, and group. In Experiment 1 the large fish had higher capture success and took prey earlier than small fish whereas in Experiment 2 the reverse was true and small fish also tended to take prey slightly earlier than large fish. Females and individuals that had begun to mature had higher capture success than males and immature fish in Experiment 1 whereas the difference was less clear in Experiment 2. In this there were no differences in capture success between the sexes, but males tended to take prey earlier than females.
Our results agree with previously published relationships between haemoglobin genotype and growth. The field data on cod, presented in Mork & al. (1984) , and the data on hatchery cod in Naevdal & al. (1992) demonstrate that HbI*2/2 individuals had the highest growth. Moreover, Karpov & Novikov (1980) and Brix & al. (1998) show that the haemoglobin in cod having this genotype has higher efficiency as an O 2 -carrier at low temperatures. The haemoglobin molecules that these genotypes possess are determined by characteristics inherited from their parents. The molecules have a structure that results in a higher oxygen uptake and transport efficiency at low temperatures and high oxygen availability compared with the HbI*1/1 genotype (Weber 1990) . Our results suggest that the link between HbI* genotype and growth is through feeding behaviour, supporting the idea that fish with HbI*2/2 genotype support a more active metabolism. These fish would be expected to have higher food demand and more active behaviour to service such needs.
Studies on Atlantic salmon (Metcalfe & al. 1992 Cutts & al. 1998 ) and masu salmon (Oncorhynchus masu Brevoort) (Nakano 1995; Yamamoto & al. 1998) have shown that metabolic rate is correlated with aggression, which in these territorial species determines success during feeding. Fish with high residual metabolic rate had high status, obtained more food and grew faster to a large size. In salmonids aggressiveness is an inherited trait (Taylor 1990; Dunbrack & al. 1996) , a trait which Cutts & al. (1998) demonstrated to be linked to individual differences in physiology when they controlled for size. Our results suggest that a relationship between feeding success and physiology possibly also exists in cod, although there is no association with aggression. Our results suggest that haemoglobin structure, which sets the physiological basis of an individual's metabolic efficiency, has an effect upon competitive performance in a situation when prey have to be competed for.
We have assumed that the reaction we observed in the experimental period was the response of individuals in groups of fish that were well versed in the experimental protocol and that there was no learning during the experimental period. This contrasts with results of Steingrund & Fernö (1997) who reported improved foraging skills of cod with increasing experience. These authors tested the fish during a day-long learning period and after only a three-day acclimation period to the experimental tanks during which time no feeding occurred. At the onset of their feeding experiment, fish were thus new to the experimental protocol. We did not include the learning period in our experiment as we put the emphasis on the effect of haemoglobin genotype and other relevant causes influencing individual variation in feeding behaviour. We controlled for learning using a prolonged acclimatisation period of six weeks during which fish were adapted to the experimental protocol. It is interesting to note that fig. 4A & B in Steingrund & Fernö (1997) shows a large increase in foraging skills from the first to the second trial within a day, followed by a much smaller change. Based on these considerations, and on the fact that cod spent similar times per consumed prey throughout the entire experimental period within each of our experiments, we conclude that our assumption of no learning during the experimental period is justified.
The higher time spent per prey in Experiment 2 might be due to differences in the total amount of prey given in each trial. In Experiment 2 fish were always fed until they did not take more prey (until satiation) and it was observed (although not quantified) that close to satiation the fish tended to devote a longer time to each prey. This would increase mean time spent per prey. In Experiment 1 this was slightly different as the fish were fed until they took no more prey or had taken the maximum on offer. As it turned out the fish took the maximum prey offered in most trials (87 %), so they were less close to satiation than the fish of Experiment 2. It was therefore not unexpected that the fish on average spent a shorter time per prey in Experiment 1 than in Experiment 2.
We have also assumed that the cod is a scramble competitor. We observed no interactions between individuals that could have been construed as showing a hierarchy. We did not systematically record possible co-operative behaviour, although co-operation could be important for a shoaling species (Mestertongibbons & Dugatkin 1992) . One-year-old coastal cod are generally not considered to shoal. However, due to the space limitations experienced by our experimental fish, the possibility exists for developing co-operation between the individuals during foraging, but if this was so it was not evident from our data. The individuals that we observed responding first to encountered prey during the course of a trial were later identified in our analysis as the most successful and we believe that behavioural interactions ameliorating the effects of competition did not develop to bias our results.
In common with many experimental behavioural studies our results are limited by the small number of fish used and by the use of an experimental environment that differs from the natural habitat (e.g. Kadri & al. 1996; Steingrund & Fernö 1997; Barber & Ruxton 1998) . Consequently the results may not be regarded as generally valid for all types of habitats or populations. The individual fish had smaller space available than they otherwise would in nature. As we were interested in the effects of genetic differences on competitive performance, our need to control and standardise the environment dictated that we use experimental tanks of manageable size for observations of events at the individual level, and to standardise the temperature and light conditions. Our results showed that haemoglobin genotype can be an important characteristics for one-year-old cod and that it is linked to competitive performance. This effect was clearly significant and was not masked by other unobserved effects (confounding factors) that potentially could correlate with it. We expect that similar results would be found among wild cod if tested under similar conditions as in our experiments and we expect similar mechanisms to operate in cod in nature, although more experiments are required to test this.
A strong reason for believing that the genetic effects we have demonstrated are important is the fact that inherited traits affecting fish behaviour are well documented. For example sex differences in schooling behaviour have been reported for Trinidadian guppies (Poecilia reticulata) (Magurran & Seghers 1994b; Griffiths & Magurran 1998) and sex differences in the courtship behaviour in cod and other gadoids (Brawn 1961; Hislop 1984; Hutchings & al. 1999 ). Our study is one of the first on fish that suggests an inherited behav-iour which is related to a genetic marker other than sex. The reported superior competitive ability of the cod with HbI*2/2 genotype, when unobserved individual differences are controlled for, is likely to have been due to an inherent and rapid response to food, as cod did not attempt to prevent other fish from feeding.
Although we cannot draw strong conclusions about wild cod from our study there are direct implications for the aquaculture of cod. It is well known that farmed fish that start the same length soon develop a large variation in size. Grading by weight or length is used to reduce the effects of this size hierarchy on growth rates. Our results show that size alone is unlikely to be the sole cause of the observed difference. The growth rate differences in farms could be a direct result of physiological variation caused by genetic differences. The size grading of fish may just be sorting out those with high metabolic rates from those with low and the groups with large fish should eventually come to be composed of higher proportions of the HbI*2/2 genotype than grader groups containing small fish.
